


Diffraction 

Holography is…  

Interference + 

2.3 - Theory of hologram reconstruction
A hologram results from the interference between two coherent waves, a first wave called
the object wave O emanating from the object and a second one called the reference wave
R. In the hologram plane, these two waves produce an interference pattern with a two-
dimensional (2D) intensity distribution:

IH (x, y) = (R +O) (R +O)

⇤
= |R|2 + |O|2 +R⇤O +RO⇤, (14)

where |R|2 = IR is the intensity of the reference wave and |O|2 = IO(x, y) the intensity
of the object wave. R⇤O and RO⇤ are the interference terms with R⇤ and O⇤ denoting the
complex conjugates of the two waves. Assuming a plane reference wave with a uniform
intensity IR and a hologram transmittance proportional to the exposure, the so-called
reconstructed wavefront  is obtained by the illumination of the hologram with a plane
U :

 H (x, y) = UIH (x, y) = UIR + UIO + UR⇤O + URO⇤. (15)

The two first terms of equation (15) form the zero order of diffraction, also called zero
order (ZO). The third and the fourth terms are produced by interference terms and they
generate two conjugate or twin images of the object. UR⇤O produces a virtual image
located at the initial position of the object and URO⇤ produces a real image located on
the other side of the hologram. If the reconstruction is performed by illuminating the
hologram with a replica of the reference wave (U = R) the virtual image is a replica of
the object wave multiplied by the reference intensity (IRO). Reciprocally if U = R⇤, the
real image is a replica of the conjugate object wave multiplied by the reference intensity
(IRO⇤).

2.3.1 - The numerical algorithm

For the reconstruction software the Fresnel-Kirchoff integral for image is utilized. The
integral is the mathematical form of Huygens principle:
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where ı is the imaginary unit,  the known wavefront in z = 0 plane (in our context
the hologram);  0 the calculated wavefront in z = Lr and Lr is the distance between
the planes (see Figure 8). The wavefronts are complex 2D-amplitudes functions with
magnitude and phase. The Fresnel-Kirchoff integral has the form of convolution:

 

0
=  � g, (16)

where � means 2D convolution and g is the convolution kernel function (Green function):
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According to the convolution theorem, convolving two functions is equivalent to multi-
plying the Fourier-transform of them and inverse transforming the product:
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formula:
N =

f

d
. (3)

If we introduce (3) in (2) we obtain:

vN � v

vN
=

v � vF
vF

=

Nc

f
. (4)

Rearranging to solve for vN and vF gives:

vN =

fv

f �Nc
(5)

and
vF =

fv

f +Nc
. (6)

This image distance v is related to an object distance s by the thin lens equation:
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applying (7) to vN and vF gives:
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solving for v, vN and vF in these equations, substituting into the two prveious equations,
and rearranging we have finally the formula for the near and far limits of DOF:

DN =

sf 2

f 2
+Nc(s� f)

(9)

and
DF =

sf 2

f 2 �Nc(s� f)
(10)

It is sometimes convenient to express DOF = (DF � DN) in terms of magnification.
Substituting

s =
m+ 1

m
f (11)

and
s� f =

f

m
(12)

in the DOF = (DF �DN), we have the following useful formula:

DOF =

2f(m+ 1)/m

fm/(Nc)� (Nc)/fm
. (13)

We tested in laboratory the DOF of our phase microscopy optical setup, see in Figure
3(a). We used a Rodenstock-Ysarson lens (f = 75 mm and d = 17 mm) in the con-
figuration with magnification 3x. In a vessel with filtered water we dived the standard
crossed micrometer scale reference from EDMUND Optics in Figure 3(b) . Putting the
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